Iliac artery distal fixation site greater than 10 mm in length and 7.5-20 mm in diameter measured outer wall to outer wall. Patients with low operative risk were preferentially offered open repair even if they met the anatomical criteria for EVAR.
Hypertension, diabetes mellitus, and dyslipidemia were defined as the ones which were medically treated. Chronic obstructive pulmonary disease (COPD) was defined on the basis of pulmonary function test (forced expiratory volume [FEV]1.0% <70%) or clinical symptoms combined with the chest CT findings. Coronary artery disease (CAD) was defined as the one with a history of revascularization, and the ones that had more than 75% stenosis in the internal diameter irrespective of the need for revascularization in terms of the significance of the arteries affecting the clinical symptoms. If the patients were found to have clinically significant CAD, it was treated by percutaneous coronary intervention before surgery, or by concomitant coronary artery bypass grafting (CABG) during open AAA repair. The mean follow-up time for EVAR group was 73.8 ± 49 months (range; 25-150 months), and 69.7 ± 46 months for O/S group (range; 1-156 months). Forty-four out of 218 patients (20.2%) in O/S group were lost to follow-up within 6 months after the procedure, thus the remaining 174 patients were the subjects of the long term analysis.
StatIStIcal analySIS
Data are presented as proportions (%) for categorical variables and as mean ± SD for continuous variables. Two-tailed t-test, chi-square test, and Fisher exact test were conducted as indicated to compare perioperative variables between the two groups. Probabilities of eventfree survival were obtained by Kaplan-Meier estimates for the two groups and then compared by the log-rank test. The p value of 0.05 was selected as the threshold of statis tical significance. Statistical analyses were performed using SPSS software version 19 for Windows (SPSS Inc, Chicago, Illinois, USA).
reSultS
EVAR group was older than O/S group (75 ± 6.6 vs. 71 ± 7.9 years old, p <0.05), and had tendency to have undergone previous abdominal surgery (47.1 vs. 25.0%, p = 0.054). On the other hand, O/S group had more CAD compared with EVAR group (43.7 ± 11.8%, p <0.05). There was no statistically significant difference in the rest of Regarding intermediate and long term survival, remote all-cause mortality was not significantly different between open AAA repair and EVAR in EVAR 1 trial and DREAM trial, and there was no intergroup difference in all-cause mortality and even in aneurysm-related death at 2 years in OVER trial. 5) On the other hand, remote aneurysmrelated mortality after EVAR for low-to-moderate risk patients was higher than open surgery in ACE trial. 6) Late aneurysmal expansion and the need for reintervention are not ignorable following initially successful EVAR. As shown in DREAM trial, the cluster of reinterventions appeared in the fifth year and beyond, which suggested inferior durability of EVAR as compared to open surgery. 9) It seems that the initial benefit of EVAR disappears in the intermediate and long term because of the need for frequent, meticulous, and costly follow-up and the potential need for reinterventions, especially for patients who could tolerate open surgery.
We started to use the Zenith stentgraft system since 1999 long before it became commercially available in Japan since 2006, and our data is one of the longest follow-up of the patients who underwent EVAR using this product. This study mainly focuses on long term morbidity and mortality, and the occurrence of late reinterventions in open AAA repair and EVAR using the Zenith stentgraft.
PatIentS and MethodS
A total of 237 patients having undergone elective AAA repair between April 1999 and December 2006 were included in this retrospective observational study after approval of the review board of Mie University Hospital. Nineteen patients underwent EVAR using the Zenith stentgraft (EVAR group), whereas 218 patients underwent conventional open AAA repair (open surgery, O/S group). All the cases were on an elective basis and emergent cases were excluded from the study. Treatment selection was influenced by stentgraft-dependent anatomical criteria and surgical risk of open repair estimated by the surgeons. The anatomical criteria for EVAR were as follows: Adequate iliac/femoral access compatible with the required introduction systems; Non-aneurysmal infrarenal aortic segment (neck) proximal to the aneurysm with a length of at least 15 mm, with a diameter of no greater than 28 mm and no less than 18 mm measured outer wall to outer wall, with an angle <60° relative to the long axis of the aneurysm, and with an angle <45° relative to the axis of the suprarenal aorta. laparotomy with incision of 10 cm or less was applied in eight patients, and retroperitoneal approach was used in 10 patients. Spiral incision with limited thoracotomy was performed in two patients with pararenal AAA requiring suprarenal aortic cross clamp especially when the superior mesenteric artery (SMA) and the renal arteries were in close vicinity. Regar ding reconstruction of the visceral arteries, the inferior mesenteric artery (IMA), the renal artery, and the internal iliac arteries were reconstructed in 22, 3, and 21 patients, respectively. There were no clinically apparent cardiac complications despite the fact that nearly half of the patient in O/S group had CAD. There was only one patient in O/S group who developed renal failure requiring permanent hemodialysis after surgery, the preoperative characteristics including maximal aneurysm diameter ( Table 1) . A 79-year-old man in O/S group (1/218, 0.46%) died of postoperative aspiration pneumonia, whereas all the patients in EVAR group survived the procedure. Concomitant procedures were performed for the patients in O/S group, which were as follows: CABG in 2; off-pump CABG (OPCAB) in 5; TEVAR for thoracic descending aortic aneurysm in one; partial resection of the adrenal glands in two; and jejunostomy in one patient. Three patients had a history of previous EVAR and underwent open AAA repair with removal of the previously implanted stentgrafts. The procedural data are summarized in Table 2 . Most of the patients underwent open surgery through median laparotomy. Limited median lumber artery by open surgery in the other patient at 43 months postoperatively. The former patient has been followed-up on an outpatient basis since. Two other patients developed type Ib endoleak and they underwent successful additional stentgraft placement ( Table 3) . One patient underwent left stentgraft leg extension to the external iliac artery at 41 months. An 18 mm ipsilateral leg was placed in the left common iliac artery measured 16 mm in diameter in the initial EVAR, where late inappropriate apposition seemed to have occurred. The patient also had 46 mm right common iliac artery aneurysm contiguous with the main AAA, which was even anticipated preoperatively considering his stage 4 chronic renal failure. With regard to in-hospital complications requiring surgical intervention, there were three patients in O/S group (3/218, 1.37%), and two patients in EVAR group (2/19, 10.5%). In O/S group, one patient had abdominal wound dehiscence, another patient had bowel obstruction, and the third patient had left external iliac artery dissection that was found immediately after arrival in the intensive care unit (ICU) and required revision of the distal anastomosis. In EVAR group one patient had right brachial artery pseudoaneurysm, and the other patient had right femoral artery injury. These complications were arterial access route-related.
Remote complications included eight patients in O/S group (8/174, 4.6%), which were as follows: unilateral occlusion of the bifurcated graft leg that required femorofemoral crossover bypass in two patients; graft infection requiring removal of the previous graft and axillofemoral bypass in one patient; bowel strangulation in one patient; abdominal incisional hernia in three patients; and aorto-enteric fistula in one patient, which resulted in successful emergent endovascular stentgraft placement. None of these patients died of the complications. On the other hand, there were six patients in EVAR group (6/19, 31.6%) that developed aneurysmal dilatation due to endoleak in the long term. Among them, four patients (4/19, 21.1%) required reintervention which were as follows: Two patients had type II endoleak, which resulted in unsuccessful coil embolization of the lumber arteries in one patient at 38 months postoperatively, and hemostasis of the back bleeding from the (8/174, 4 .6%), which was much less frequent than was seen in DREAM trial (20%). 4) Another important finding in the present study was that EVAR was associated with a significantly higher rate of late graft-related complications and reinterventions than was open surgery. We observed six patients (31.6%) who had aneurysm expansion late after the initial procedure, among whom four patients (21.1%) required reinterventions because of continuing aneurysm expansion due to type II or type Ib endoleak beyond 3 years postoperatively. The need for reintervention persisted even at 11 years after initial EVAR in our study. Nevala and colleagues reported approximately 30% of the patient who underwent EVAR with the Zenith stentgraft required reintervention. 10) The authors focused on type II endoleak following Zenith stentgraft placement in another report, in which type II endoleak occurred in 22% of the patients, and reintervention was required in 6.4% of the entire cohort. They performed translumber or transarterial embolization with success rate of approximately 38%, and concluded the results of percutaneous reinterventions for type II endoleak were unsatisfactory. 11) Likewise, endovascular reintervention was successful in two out of four patients, unsuccessful in one patient, and one patient required open surgery in the present study. In DREAM trial, long term survival rate was similar between open repair and endovascular repair groups, whereas the need for reintervention was more frequent in EVAR group than that in open repair group. Interestingly, the cluster of reinterventions appeared in the fifth year and beyond after EVAR, which suggested inferior durability of EVAR as compared to open surgery. 9) These data also coincide with the present study in terms of the significant increase of reintervention rate not in the early years, but several years after the procedure. It seems that the initial benefit of EVAR disappears in the intermediate and long term because of the need for frequent, meticulous, and costly follow-up and the potential need for reinterventions. Moreover, late open conversion after EVAR is reported to be associated with significant morbidity and mortality if explant of the stentgraft is inevitable, 12) and under this circumstance, suprarenal, and even supraceliac aortic clamping is often required. 13) Gupta and colleagues reported similar perioperative mortality after open surgery and EVAR in patients which made the aortic bifurcation 58 mm wide. The other patient had the stentgraft legs positioned in the non-aneurysmal common iliac arteries in the initial EVAR, but he later developed a right internal iliac artery aneurysm, which seemed to have caused malapposition of the stentgraft leg. The patient underwent right stentgraft leg extension to the external iliac artery at 133 months after the initial procedure. In all the six cases with remote aneurysmal dilatation, some endoleaks were observed at the end of the initial procedure or on CT at discharge, most of which were considered insignificant and assumed self-limiting in the long term, though. No late limb occlusion was observed in EVAR group.
Long-term survival rate was compared by the log-rank test, and there was no statistically significant intergroup difference (p = 0.13). There was no abdominal aortarelated death in both groups in the long term (Fig. 1) .
dIScuSSIon
The present study shows the long term results of open AAA repair and EVAR using the Zenith stentgraft performed at a single institution. The Zenith stentgraft system was approved for clinical use by the Labor and Welfare Ministry in Japan in 2006, whereas we started to use it as part of a clinical trial in 1999, hence our result is one of the limited number of studies that evaluate the long term result of the Zenith stentgraft in Japan. Main findings of the present study were that early mortality and morbidity rate was not statistically significantly different between the EVAR and open repair groups, and that there was no statistically significant intergroup difference in long term survival. Yet EVAR was associated with a significantly higher rate of late graft-related complications and reinterventions than was open surgery.
There was one perioperative death in the present study due to aspiration pneumonia in an elderly patient, but the overall early result of open repair was satisfactory. One possible reason for the good operative result was that there was no clinically apparent cardiac events after surgery because clinically significant CAD was revascularized before or during AAA repair.
Regarding intermediate and long term survival, remote all-cause mortality was not significantly different between the two treatments in EVAR trial 1 and DREAM trial, and there was no intergroup difference in aneurysmrelated death at 2 years in OVER trial. 5) Likewise, there was no long term survival advantage of EVAR in the present study, there were no aneurysm-related or aorta-younger than 60 years of age, 14) and ACE trial resulted in the same early results, yet higher risk of late reintervention and aneurysm-related mortality in EVAR for lowto-moderate risk patients. 6) Our results and the literatures cast a word of caution that EVAR should not be chosen for young patients without consideration simply because the anatomy of the aneurysm is suitable for EVAR when open repair can be safely performed with low mortality in skillful hands. On the other hand, one could argue that endovascular devices and techniques have been underg oing further development that could mitigate the remote risk of reintervention. Further investigation is to be waited on long term results of EVAR with third generation stentgrafts performed in the current era.
In conclusion, there was no statistically significant intergroup difference in early and long term mortality. Open surgery can be safely performed with low operative mortality and is durable. Complications requiring reinterventions, however, were more frequent in EVAR than in open surgery, especially in the far remote period. Long term follow-up is mandatory for a comparison of the clinical results between open AAA repair and EVAR.
Study lIMItatIonS
First, this study is a retrospective and observational study which can involve several biases including case selection bias. Second, the number of patients with EVAR was small since patient cohort was limited to one type of stentgraft, which first became commercially available in Japan and has the longest history as a commercial product. Although not dealt with or discussed in this article, other commercially available second generation stentgrafts also has similar issues in our experience, as partly shown in our open surgery result, which includes three patients who had undergone initial EVAR and required stentgraft removal during the late reintervention. Third, approximately 20% of the open AAA repair patients were lost to follow-up before 6 months after the procedure, which might have underscored late complication rate in this group.
dIScloSure StateMent
None.
